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ABSTRACT 

We have assembled a catalogue of relative ages, metallicities and abundance ratios for 
about 150 local galaxies in field, group and cluster environments. The galaxies span 
morphological types from cD and ellipticals, to late type spirals. Ages and metallicities 
were estimated from high quality published spectral line indices using Worthey & 
Ottaviani (1997) single stellar population evolutionary models. 

The identification of galaxy age as a fourth parameter in the fundamental plane 
(Forbes et al. 1998) is confirmed by our larger sample of ages. We investigate trends 
between age and metallicity, and with other physical parameters of the galaxies, such 
as ellipticity, luminosity, and kinematic anisotropy. We demonstrate the existence of 
a galaxy age-metallicity relation similar to that seen for local galactic disk stars, 
whereby young galaxies have high metallicity, while old galaxies span a large range in 
metallicities. 

We also investigate the influence of environment and morphology on the galaxy age 
and metallicity, especially the predictions made by semi-analytic hierarchical clustering 
models (HCM). We confirm that non-cluster ellipticals are indeed younger on average 
than cluster ellipticals as predicted by the HCM models. However we also find a trend 
for the more luminous galaxies to have a higher [Mg/Fe] ratio than the lower luminosity 
galaxies, which is opposite to the expectation from HCM models. 

Key words: galaxies: elliptical, galaxies: photometry, galaxies: evolution 



1 INTRODUCTION 

Elliptical galaxies were once thought to be very old (~15 
Gyrs) systems, forming in a simple monolithic collapse, and 
evolving passively ever since. From colour-magnitude (e.g. 
Bower et al. 1992; Ellis et al. 1997; Kodama et al. 1998), 
Mg-cr (e.g. Ziegler & Bender 1997; Bernardi et al. 1998) and 
M/L studies (e.g. van Dokkum et al. 1998) it appears that 
most stars in elliptical galaxies formed at z > 2. However, 
even though the bulk of the star formation occurred at high 
redshift, the evolutionary history of ellipticals is more com- 
plex. In terms of the star formation history, there is a vari- 
ety of evidence for more recent activity. In the Local Group, 
the dwarf spheroidal galaxies reveal signs of younger stellar 
populations (see review by Grebel 1997). Some nearby giant 
ellipticals show Ha line emission (Goudfrooij et al. 1994) 
indicative of ongoing star formation (albeit at a low rate), 
E + A spectra indicating the presence of a secondary star- 
burst in the last few Gyrs (Caldwell et al. 1993; Zabludoff 



et al. 1996), and blueward deviations from cluster colour- 
magnitude relations due to young stellar components (e.g. 
Terlevich et al. 1999). The presence of young globular clus- 
ters also suggests recent star formation events in ellipti- 
cals (e.g. Whitmore et al. 1997; Brown et al. 2000). The 
cause of this extended star formation history is probably 
driven by gaseous mergers and accretion events. For ex- 
ample, Schweizer & Seitzer (1992) showed that ellipticals 
with blue galaxy colours (associated with recent star forma- 
tion) also reveal morphological disturbances (suggestive of 
dynamical youth). 

On the theoretical side, the 'monolithic collapse sce- 
nario' has been challenged by the idea of hierarchical clus- 
tering and merging (HCM) of disk galaxies, and their dark 
matter halos, to form ellipticals (e.g. Kauffmann & Char- 
lot 1998; Baugh et al. 1998). In this model, environment 
plays a key role in determining the evolution of an elliptical; 
cluster ellipticals are assembled at high redshift, while their 
field counterparts formed much more recently. These differ- 
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ent evolutionary paths can be probed by examining the star 
formation history. 

Directly measuring the age of the stars in elliptical 
galaxies has been problematic due to the well known age- 
metallicity degeneracy of old stellar populations. However 
it is now possible, with the combination of moderate reso- 
lution spectra and new stellar population models to break 
this degeneracy, and estimate the relative ages and metallici- 
ties of stellar populations independently (e.g. Gonzalez 1993; 
Worthey 1994). To quote Governato et al. (1999), "These 
[age-dating] methods will prove invaluable in tracing the 
origin of early-type galaxies in different environments and 
will provide a larger database to test theories of galaxy for- 
mation." 

In an initial study exploiting these new age estimates, 
we examined the scatter about the fundamental plane (FP) 
for elliptical galaxies with galaxy age (Forbes, Ponman & 
Brown 1998). We found a strong correlation indicating that 
a galaxy's position relative to the FP depends on its age, 
and showed that this age is consistent with the idea that 
it traces the last major episode of star formation, which 
in turn was presumably induced by a gaseous merger event. 
An analysis of the ages and metallicities of galaxies from the 
small samples of Gonzalez (1993) and Kuntschner (2000) has 
recently been carried out by Trager et al. (2000) 

In this paper we have set out to compile a catalogue of 
high quality ages, metallicities and abundances for (mostly) 
early type galaxies from the literature. These ages are based 
on central absorption line indices calibrated to the Lick sys- 
tem. Such a catalogue will have many applications. For ex- 
ample, after galaxies have been age-dated we may begin 
to explore an 'evolutionary sequence' of elliptical galaxies 
tracking their energetic, chemical, structural and dynamic 
properties as they age. Another use is to test various predic- 
tions of the HCM models as mentioned above. We hope that 
this catalogue will be of use to many researchers involved 
in galaxy evolutionary studies. Due to their size, Tables 2 
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In section |2 


we briefly explain how the spectroscopic 



age-dating technique used in the paper works, and in sec- 
tion [], we outline some of the limitations of this method. 
Thispaper is based on data mined from many sources. Sec- 
tion H details each source, and any additional steps necessary 
to merge them into a homogeneous catalogue. We present 
this catalogue in section ^. In section ^| we investigate how 
the ages and metallicities of the galaxies from the catalogue 
correlate with the physical parameters of the galaxies, such 
as luminosity, anisotropy parameter, morphology and envi- 
ronment. We comment on our findings in light of predictions 
from models. 



2 THE LICK SYSTEM AND GALAXY AGES 

The Lick system is perhaps the most widely used defini- 
tion of absorption line indices for old stellar populations. 
It is based on spectra obtained with the Image Dissector 
Scanner (IDS) on the Lick 3m telescope, by S. Faber and 
collaborators (e.g. Faber & Jackson 1976; Burstein et al. 
1984). These spectra cover the wavelength range ~4000- 
6400A with ~9A resolution. Further details can be found 



in Worthey et al. (1994), Worthey & Ottaviani (1997) and 
Trager et al. (1998). 

As well as creating an extensive library of galaxy, glob- 
ular cluster and stellar spectra, new stellar population mod- 
els were developed to accompany the Lick indices (Worthey 
1994). The relative age and metallicity sensitivity of each 
line index was quantified, thus allowing the well known age- 
metallicity degeneracy of old stellar populations to be bro- 
ken. In this paper, we have chosen to use the H/3 line index 
and the combination index [MgFe] as these have good age 
and metallicity sensitivity respectively, and are available for 
many galaxies. 

The H/3 line index is defined between 4847.875 and 
4876. 625A with continua either side. It has the advantage 
of being sensitive to stellar age and a relatively strong line at 
a wavelength where most CCDs have a good quantum effi- 
ciency. One serious disadvantage of H/3 is that it suffers from 
nebular emission in some galaxies, which 'fills in' the absorp- 
tion line (Gonzalez 1993). The bluer Balmer series (e.g. H7 
and H<5) suffer far less from this problem (Osterbrock 1989) 
but these indices are slightly less age dependent (Worthey 
& Ottaviani 1997) and are more difficult to measure accu- 
rately than the H/3 index, so have not yet been measured for 
a large sample of galaxies. 

In luminous elliptical galaxies, Mg appears to be over- 
abundant compared to Fe (e.g. Worthey et al. 1992; Davies 
et al. 1993). The fitting functions used in the Worthey mod- 
els are derived from the Lick stellar library, which contain 
stars in the solar neighbourhood and are thus of mainly 
solar abundance ratios (McWilliam 1997). If the galaxies 
being studied have non solar abundance ratios, then the 
ages and metallicities will not necessarily be accurate. The 
combination index [MgFe] was defined by Gonzalez to be 
an average of the Mg and Fe, and is thus a better tracer 
of metallicity than either Mg or Fe alone. It is calculated 
from (Mgfe x <Fe>) 1//2 , where <Fe> is the average of the 
Fe52 and Fe53 line indices. The individual line indices are 
defined as 5160.125 to 5192. 625A for Mgb, 5245.650 to 
5285.650A for Fe52 and 5312.125 to 5352. 125A for Fe53. 
Due to the overabundance issues, and the widespread avail- 
ability of [MgFe] index values in the literature, we have used 
it as the metallicity sensitive index for this work. We note 
that [NI] 5199A emission may contribute to the red contin- 
uum band of Mgfe in some galaxies (Goudfrooij & Emsellem 
1996). This would tend to make galaxies appear slightly 
younger than they really are. This is unlikely to be a strong 
effect in our sample as we have removed galaxies with evi- 
dence for emission lines (see Table 1). Furthermore the Mgfe 
index is combined with two Fe indices which do not suffer 
from emission. 

Although H/3 line indices on the Lick system now exist 
for over ~ 500 galaxies, not all were obtained at sufficient 
S/N to derive accurate ages. Our aim here is to compile a 
relatively homogeneous sample of high quality H/3 line in- 
dices. From the literature we have included galaxies that have 
EW(H(3) measurement errors of < ±0.1 A . Assuming no er- 
rors in [MgFe], this corresponds to an uncertainty in age of 
about ±20%, and an uncertainty of ±0.2 dex in [Fe/H] for a 
~ 4 Gyrs old galaxy. The mean measurement errors in our 
fina l sample are 0.6A for both H/3 and [MgFe] (see section 



3.6 



for a discussion on the effects of correlated errors) . A 
number of published studies meet our H/3 quality criteria, 
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and these are discussed briefly below. Unfortunately several 
other studies do not, in general, meet this criteria (e.g. Gor- 
gas et al. 1990; j0rgensen 1997, 1999; Trager et at 1998). 
The H/3 errors in these studies are typically ± 0.3A which 
effectively rules out individual age determinations from such 
data. 

Our basic approach is to collect central (i.e. small aper- 
ture) H/3 and [MgFe] line indices from the literature, and via 
interpolation of the Worthey single stellar population (SSP) 
evolutionary tracks (Worthey 1994; Worthey & Ottaviani 
1997), derive age and [Fe/H] metallicity values. We also cal- 
culate the Mgb/<Fe> ratio as an indicatior of the [Mg/Fe] 
abundance ratio. Before discussing the samples, we remind 
the reader of several caveats that should be born in mind 
before interpretation of any results presented in this paper. 



3 CAVEATS 

3.1 Models 

In this paper we have chosen to use the models of Worthey 
& Ottaviani (1997) to translate measured line indices into 
age and metallicity estimates. The results are model de- 
pendent. Several alternative models are available and in- 
clude: Buzzoni et at (1992, 1994), Bruzual & Chariot (1993), 
Fritze-von Alvensleben & Burkert (1995) and Vazdekis et al. 
(1996). Recently Maraston, Greggio & Thomas (2001) have 
studied the differences between the model predictions of 
Worthey & Ottaviani (1997) and Buzzoni et al. (1992, 1994). 
They find, in particular, that the values assumed for the 
Horizontal Branch evolutionary mass and hence T e // have 
a large effect on the predicted Fe and H/3 line strengths. 
This leads to different derived ages. For example, at solar 
or super-solar metallicities Worthey models predict younger 
ages than Buzzoni et al. of ~ 1-2 Gyrs. However the situ- 
ation is worse for metal-poor galaxies, with age differences 
up to 4 Gyrs being possible. Fortunately most of the galax- 
ies in our sample have central metallicities that are at least 
solar according to their [MgFe] index. 

To check the degree to which using a different model 
would affect our results, we have estimated ages and metal- 
licities for some of the galaxies in our sample using both the 
Worthey models used throughout this paper, and those of 
Vazdekis et al. (1996). The Vazdekis models use a superset 
of the stars used by Worthey (1994) to calculate the fitting 
functions that produce the Lick indices from the models, 
however they use different isochrones to determine the SSP 
HR diagram. Figure ji] shows that while the [Fe/H] values 
agree well between the models, the Vazdekis models sys- 
tematically predict younger ages than the Worthey models 
do. This is not a problem per se, as both models give the 
same ranking of the galaxies in terms of age, but it should 
be noted that the ages we quote in this paper should be 
considered as relative to each other, and not absolute. 

3.2 Non— solar Abundances 

It has been known for some time that the most luminous 
ellipticals have non-solar abundance ratios, e.g. [Mg/Fe] 
- +0.3 (O'Connell 1976; Peletier 1989; Worthey, Faber & 
Gonzalez 1992; Carollo et al. 1993; Vazdekis et al. 1997). 
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Figure 1. A comparison of the ages and [Fe/H] determined for 
some of our sample when using the Worthey models used through- 
out the rest of this paper, and the models of Vazdekis et al. (1996). 
The [Fe/H] estimated from both models are in good agreement, 
however the ages estimated from the Vazdekis models are system- 
atically younger than those given by the Worthey models. This 
is an indication of how these models should not be used to esti- 
mate absolute ages for these systems, however the ranking of the 
galaxies is preserved, such that it is possible to order the galaxies 
from young to old. This is sufficient for the analysis which follows 
in this paper. 



Unfortunately spectra of stars with enhanced a elements 
are not generally available. So using Fe or Mg alone will 
result in significantly different age estimates. The combina- 
tion index [MgFe] to some extent overcomes this problem 
by providing a 'mean' metallicity indicator, although there 
is still a slight tendency to underestimate the age of the most 
massive ellipticals. 

As well as estimating ages and [Fe/H] metallicities for 
galaxies, we use the ratio of Mgfe divided by <Fe> as a 
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proxy for the [Mg/Fe] abundance ratio (see discussion by 
Matteucci et al. 1998). 



3.3 Aperture Effects 

Studies of line index radial gradients have generally found 
most early type galaxies to have a small variation from 
young metal-rich centers to older and more metal-poor stars 
in the outer parts (Davies et al. 1993; Carollo et al. 1993, 
Gonzalez 1993). Thus different apertures may affect the de- 
rived mean age and metallicity. In this paper, we have cal- 
culated mean line indices within R e /8 for the samples with 
radial gradient information and used the R e /8 values quoted 
by Gonzalez (1993). This is achieved by weighting the pro- 
file by a canonical R 1 ' 4 surface brightness law: 



(i) 



where L(R) is the R 1 ^ 4 profile surface brightness at a radius 
R, and I(R) is the value of the spectral line index at radius 
R. The R 1 / 4 profile is normalised such that I e = 1: 



L(R) — exp 



-7.67 



(rJ 



1/4 



- 1 



wc use a 



To calculate / within an aperture of R e 
value of n in equation |l| such that 

Rn < -Re/8 < Rn + l 



Some of the samples used here do not have radial gra- 
dient information available. In the case of data from Car- 
ollo et al. (1993) and Kuntschner (1998) we use their fixed 
aperture measurements at 3 and 2.8 respectively. Mehlert 
et al. (1997) uses R e /10. Although aperture effects will be 
present (e.g. apertures larger than R e /8 may tend to in- 
crease the derived age and reduce the metallicity) they tend 
not to be large since observed radial gradients are fairly 
shallow. 

We can begin to probe the importance of aperture ef- 
fects in our sample by comparing different age estimates for 
the same galaxies. In Figure ^| we show the age estimates 
for galaxies that are in common with the Gonzalez (1993) 
sample (a sample that uses R e /8). The figure shows a one- 
to-one unity line and ± 2 Gyrs about this line. The bulk of 
the galaxies have ages within 2 Gyrs of that derived from 
the Gonzalez data, over the full age range. 

There are however notable exceptions with large age 
differences. They are NGC 2778 (giving the Gonzalez de- 
rived age first) 4.7 vs 12.7 Gyrs from Fisher et al. (1995), 
NGC 3608 5.6 vs 14.3 from Halliday et al. (1998) and NGC 
7619 14.1 vs 3.8 Gyrs from Fisher et al. (1995). It is im- 
possible with just two age estimates to decide which better 
represents the age of the galaxy. We note however, that in 
these three cases aperture effects are probably not the cause 
as the Fisher et al. and Halliday et al. line indices were all 
corrected to be at R e /8, same as the Gonzalez (1993) data. 
In the final catalogue (Table 2) we give the simple mean of 
all different age estimates. 
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Figure 2. Comparison between individual ages derived from dif- 
ferent samples for the same galaxy, and the age for these galaxies 
from the Gonzalez (1993) sample. The dotted lines show a ±2 
Gyrs spread about the unity (dashed) line. There is reasonable 
agreement over a wide range of galaxy ages. 



3.4 Emission 

We have chosen to use the H/3 line index as the dominant 
age indicator, since this is the most widely available. It has 
the advantage of being a relatively strong absorption line 
but can be affected by nebular emission which can rapidly 
fill the absorption feature, making the galaxy appear older 
than it really is. Gonzalez (1993) made an empirical correc- 
tion for H/3 emission based on the [OIII] 5007A equivalent 
width, i.e. H/3 ne „ = H/3 oid + EW([OIII]) x 0.7. For an in- 
dividual galaxy this correction may not be entirely correct, 
but on average it makes the H/3 line index a more accu- 
rate age indicator. Some of the galaxies in the samples of 
Davies et al. (1993), Carollo et al. (1993), Vazdekis et al. 
(1997) and Halliday (1998) are in common with those of 
Gonzalez (1993). Furthermore we have derived H/3 line in- 
dices in an R e /8 aperture for these four samples and for 
Gonzalez (1993). We thus correct all common galaxies us- 
ing the Gonzalez (1993) [OIII] measurements. Both Fisher 
samples (Fisher et al. 1995, 1996) have been H/3 emission 
corrected using their own measurements of [OIII]. For all 
samples, galaxies with strong emission have been excluded 
from this analysis and are liste d in Table 1. The ages derived 
by Kuntschner (1998) (see sec. |4.9| ) used the Hy Balmer line 
index, which is far less sensitive to nebular emission than 
H/3, but to be consistent with the other samples, we have 
used ages derived from their H/3 and [MgFe] measurements. 
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[MgFe] 

Figure 3. Absorption line model grid (from Worthey & Ot- 
taviani (1997) showing the effects of a young stellar population 
combined with an old (17 Gyrs) solar metallicity population. The 
arrows represent 5%, 10%, 25%, 50% and 100% contributions by 
mass of a super solar, young (1.5 or 5 Gyrs) populations. These 
'mixing curves' encompass the bulk of the galaxy data. 



3.5 Luminosity Weighting 

The galaxy ages and metallicities derived from absorption 
lines and stellar population models assume that a single stel- 
lar population is present. If more than one population of 
stars is present within the measurement aperture (which is 
the most likely case), then the derived ages will be dom- 
inated by the younger stellar population. This is because 
the strength of the line indices reflect the luminosity of the 
stellar population that produces them, and that young stars 
are particularly luminous at blue wavelengths. Thus even a 
small percentage, by mass, of young stars mixed with old 
stars can dominate the resulting age estimate. 

The effect of young stars mixed with an old stellar pop- 
ulation is illustrated in Figure |ij Here we start with a solar 
metallicity, old (age = 17 Gyrs) stellar population. We then 
add increments of a metal-rich ([Fe/H] =0.5), young popu- 
lation (1.5 and 5 Gyrs are shown) of various strengths. Even 
a small fraction of young stars results in an inferred age that 
is much less than 17 Gyrs. 



3.6 Correlated Errors 

While the errors on the measured indices are independent, 
the model tracks are not orthogonal (e.g. Figure 3|). This 
produces non orthogonal errors in age and metallicity which 
can lead to spurious correlations if not understood properly. 
Additionally, the degree of non orthogonality of the age and 
metallicity tracks changes with position on the grid. For this 
reason we have used Monte Carlo methods to model the ef- 
fects of these correlations on 'ideal' initial data distributions. 

The model works by assuming an initial linear distribu- 
tion between age and metallicity. A large sample of 'galaxies' 
is drawn at random from this distribution. We then use the 
Worthey models to assign [MgFe] and H/3 index values to 
these galaxies, and at this stage, we add the Gaussian errors 



to the Lick indices. The errors are drawn at random from a 
distribution whose a corresponds to the mean quoted error 
for that index in the real data. Once we have a set of model 
data with errors, we process them in the same way as the 
real galaxies, to produce a model age-metallicity catalogue. 
This can be compared to the assumed initial age-metallicity 
distribution, using a 2d Kolmogorov-Smirnov (KS) test, or 
converted into contours which contain 99.56% of the mo del 
galaxies, comparable to a 3a error ellipse. In section |6.l| we 
compare the data to models for a single age initial popula- 
tion, a single metallicity initial population and a population 
where the metallicity ([Fe/H]) depends linearly on age. 



4 THE SAMPLES 
4.1 Davies et al. 

The earliest study in our compilation is that of Davies, 
Sadler & Peletier (1993). Their spectra of 13 luminous ellip- 
tical galaxies were taken on the KPNO 4m telescope using 
two different spectrographs. Here we are interested in the 
central line indices which come mostly from the RC spectro- 
graph with a resolution of 6A . For our purposes we will use 
their radial gradient measurements of H/3, Fe52 and Fe53 to 
calculate mean values within R e /8, using equation 1 above. 
As the Davies et al. study does not include Mgfe measure- 
ments, we do not include it in our analysis. We do however 
provide our derived ages and metallicities for Davies et al. 
in Table 2. 



4.2 Carollo et al. 

After several observing runs on the ESO 3.6m, Carollo et 
al. (1993) obtained spectra for 42 early type galaxies. The 
spectral resolution was about 9A . They averaged the inner 
3 to obtain the mean central values for each line index. 
Many galaxies had to be excluded due to strong emission, 
or large H/3 errors; these galaxies are listed in Table 1. They 
did not measure Mg& or Fe53, so we use the Worthey models 
for the Fe52 and H/3 indices to derive ages and metallicities, 
but do not include them in our analysis. We do however 
provide our derived ages and metallicities for Carollo et al. 
in Table 2. 



4.3 Gonzalez 

Using the Lick 3m telescope, Gonzalez (1993) obtained spec- 
tra of 41 galaxies with a spectral resolution of ~3.5 A . The 
H/3 line index was corrected for emission by scaling from the 
strength of [OIII] emission. Here we have chosen to use his 
R e /8 aperture size. Most of the galaxies in his sample are 
located in low density environments, although five are in the 
Virgo cluster. 



4.4 Fisher et al. 

In two papers, Fisher, Franx & Illingworth (1995, 1996) in- 
vestigated the line strength gradients in a large number of 
early type galaxies. They obtained spectra at the Lick 3m 
with a resolution of ~3A and at the KPNO 4m telescope 
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Table 1. Galaxies excluded from the catalogue. We have excluded galaxies due to suspected H/3 emission filling, too large a quoted error 
on the H/3 index, or a lack of either H/3 or Fe index measurements. See text for details. 



Sample 


Galaxy 


Reason 


Galaxy 


Reason 


Galaxy 


Reason 


Davics 


NT Of 1 "31 ^ 


Emission 


NGC 741 


Emission 


NGC 4486 


Emission 


Davics 


INLjL/ 4uoO 


Emission 


NGC 4839 


No Fe obs. 








Carollo 


iliOKJ Z\Jo- Z L 


Emission 


ES0323-16 


Emission 


ES0381-29 


Emission 


Carollo 


T/" 1 1 A x.Ci 

IK.; i4oy 


H/3 error 


IC 2006 


H/3 error 


IC 2035 


H/3 error 


Carollo 


oo ( U 


H/3 error 


IC 4889 


H/3 error 


IC 4943 


Emission 


Carollo 


In kjk^ luoz 


H/3 error 


NGC 


1298 


Emission 


NGC 


1947 


Emission 


Carollo 


INLjO ZoUZ 


H/3 error 


NGC 


2663 


H/3 error 


NGC 


2974 


H/3 error 


Carollo 


Mpp qino 
INLjO olUo 


H/3 error 


NGC 


3136 


Emission 


NGC 


3136B 


Emission 


Carollo 


INLjL^ oZZD 


Emission 


NGC 


3250 


H/3 error 


NGC 


3260 


Emission 


Carollo 


Mfip QCC7 


Emission 


NGC 


4374 


H/3 error 


NGC 


4684 


Emission 


Carollo 


inljU 4oyo 


Emission 


NGC 


4832 


Emission 


NGC 


5011 


H/3 error 


Carollo 


INLjO OU44 


Emission 


NGC 


5077 


Emission 


NGC 


5090 


H/3 error 


Carollo 


NGC 5266 


Emission 


NGC 


5796 


H/3 error 


NGC 


5846 


H/3 error 


Carollo 


NGC 5903 


Emission 


NGC 


6849 


Emission 


NGC 


7097 


H/3 error 


Carollo 


NGC 7200 


H/3 error 














Fisher95 


A 496 


No H/3 obs. 


NGC 


5846 


Emission 


NGC 


6166 


Emission 


Fisher95 


NGC 7720 


Emission 














Fisher96 


NGC 2560 


H/3 error 


NGC 


3998 


H/3 error 


NGC 


4550 


No Fe obs. 


Mehlert 


NGC 4850 


Emission 














Vazdckis 


NGC 4594 


Emission 














Longhetti 


E244-G12 


Emission 


E289-G15 


Emission 


E386-G04 


Emission 


Longhetti 


IC 4823 


Emission 


IC 5063 


Emission 


NGC 7135 


Emission 



with spectral resolution varying from 6.5 to llA . The com- 
bined sample includes 20 SO galaxies, 2 ellipticals, 8 bright- 
est cluster galaxies and 1 compact elliptical (M32). Radial 
gradient information was obtained for several line indices 
including H/3, Mg6, Fe52 and Fe53. We have weighted each 
individual line measurement assuming an R 1 ^ 4 profile and 
derived an average line index within R e /8 using equation m 



4.5 Mehlert et al. 

Using several different telescopes, Mehlert et al. (1997) ob- 
tained spectra for 35 early type galaxies in the Coma clus- 
ter. Of these, 14 represent a complete sample down to Mb 
= -21.6. They derived radial gradient information for the 
Mg, Fe and H/3 line indices. We have used their R e /W aper- 
ture measurements. NGC 4839 has been corrected for H/3 
emission using the [OIII] measurements from Fisher et al. 
(1995), and NGC 4850 has been excluded due to strong H/3 
emission. We have used the radial line index measurements 
to exclude portions of galaxies showing signs of emission. A 
comparison between our derived ages, and those of Mehlert 
(1999, private communication) are shown in Figure^. There 
is generally good agreement, except perhaps for the very old- 
est galaxies. 



4.6 Vazdekis et al. 

Three well known early type galaxies (i.e. NGC 3379, 4472 
and 4594) were observed by Vazdekis et al. (1997) using 
the 4.2m WHT. They obtained radial gradient information 
for several line indices at ~5A resolution. After excluding 
NGC 4594 due to strong emission, we have calculated mean 
indices within R e /8 for the remaining two galaxies using 
equation 




5 - 



o l' 1 

5 10 15 30 

Our Age (Gyr) 

Figure 4. Comparison between ages derived by Mehlert (1999, 
private communication) and by us for Coma cluster galaxies. 
There is good agreement, except perhaps for the very oldest galax- 
ies. 



4.7 Longhetti et al. 

Longhetti et al. (1998) studied a sample of early type galax- 
ies in low density environments. In particular they obtained 
spectra, at a resolution of 2.1 A , for 21 galaxies with shells 
and 32 in pairs. Longhetti et al. identified those galaxies 
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with signs of H/3 emission. These have been excluded from 
our analysis and are listed in Table 1. We have velocity- 
corrected their published data using the formulation quoted 
in Longhetti et al. (1998). 

4.8 Halliday 

In her thesis, Halliday (1998) presents MMT observations of 
14 low luminosity early type galaxies. Eight are located in 
the Virgo cluster and six in lower density environments. The 
spectra are high S/N with a resolution of 1.5A . From the ra- 
dial gradient information we have derived mean line indices 
within R e / 8 using equation |l|. Where possible galaxies have 
been corrected for H/3 emission using [OIII] from Gonzalez 
(1993), otherwise we use the H/3 radial profile information 
from Halliday (1998) to determine and exclude portions of 
the galaxy most affected by emission, as was done with the 
Mehlert et al. (1997) data. 

4.9 Kuntschner 

Kuntschner (1998; 2000) obtained spectra for a complete 
sample of early type galaxies in the Fornax cluster to Ms 
= -17.1. This included the cD galaxy NGC 1399 and the 
peculiar galaxy NGC 1316 (also known as Fornax A). Line 
indices were measured for an effective aperture of 2.8 (230 
pc). For their typical galaxy this is about R e /10. In addition 
to H/3, Mg, Fe, they measured H7 and C4668. Using their H/3 
values (corrected for emission where possible) and [MgFe] 
indices, as given in Kuntschner (2000), we have derived ages 
and metallicities for their sample. 

Kuntschner (1998; 2000) derived ages and metallicities 
from H7, C4668 and Fe3 (defined in Kuntschner 2000). The 
H7 line index has the advantage of being less affected by 
nebular emission (Osterbrock 1989) than H/3. In Figure H 
we show a comparison of the ages and metallicities, of their 
Fornax galaxies, derived from H/3-[MgFe] by us and from 
H7-C4668 by them (Kuntschner 1998). The figure shows 
that either method gives similar [Fe/H] values over a large 
metallicity range, and reasonable agreement in age, for ages 
less than about 12 Gyrs. We suspect that weak emission is 
filling the H/3 line, and causing us to overestimate the age 
of these few galaxies. To remain consistent with the data 
from the other authors, we use the H/3-[MgFe] ages for the 
analysis in this paper. 

4.10 Vazdekis &: Arimoto 

Vazdekis & Arimoto (1999) have defined a new line index 
based around H7. It has the advantage of being very insensi- 
tive to metallicity, while providing a robust age for old stel- 
lar populations. Using data from Jones (1997) and Vazdekis 
(1996) they derive ages for six early type galaxies. The ages 
for these galaxies are taken directly from their work. 

4.11 Goudfrooij et al. 

Recently Goudfrooij et al. (1999) published an initial pa- 
per on line strengths in 16 edge-on SO and spiral galaxies. 
They placed the spectrograph slit along the minor axis of the 
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Figure 5. Comparison between ages and metallicities, for Fornax 
cluster galaxies, derived from H/3-[MgFe] by us and from H7— 
C4668 by Kuntschner (1998). Both methods give similar [Fe/H] 
values over all metallicities, and reasonable agreement in ages for 
ages, less than about 12 Gyrs. In the final catalogue we give the 
H/3-[MgFe] derived values which we use in the analysis. 

galaxy bulge and carefully tried to exclude any disk contri- 
bution to the measured bulge line indices. The spectra were 
obtained with the ESO NTT 3.6m and the 2.5m INT on La 
Palma. Their typical resolution was about 2A . They kindly 
supplied us with their central line indices on the Lick system, 
from which we have derived ages and metallicities. 



5 THE CATALOGUE 

To estimate ages and metallicities for the galaxies, we inter- 
polate Worthey SSP evolutionary tracks. Figure |^ shows the 
distribution of galaxies from samples with H/3 and [MgFe] 
indices, superposed upon constant age model tracks (solid 
lines) and constant metallicity model tracks (dashed lines). 
This figure illustrates many of the caveats outlined in section 
1 i.e. 

i) The constant age and metallicity tracks are not orthogo- 
nal, resulting in correlated errors in age and metallicity. 

ii) Not all galaxies lie within the parameter space covered by 
the models. Part of this could simply be due to observational 
errors, but in part it will also be due to incompleteness in 
the models, which are still evolving rapidly. 

Hi) The constant age tracks for older galaxies are much 
closer together than for young galaxies, making the errors 
in the ages of older galaxies much larger than those for the 
younger ones. This can clearly be seen in Figure []. 

Our final catalogue is given in Table 2. Here we list 
the galaxy name, along with our estimate for galaxy age in 
Gyrs, [Fe/H] metallicity and [Mg/Fe] abundance. The source 
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Table 2. Galaxy age, metallicity and abundance estimates. 



Galaxy 


Age 


[Fe/H] 


[Mg/Fc] 


Source 


Quality 


MPP0991 

IN vj v_y UZZ1 


3 s 

D.O 




n da 


12 




MP P099ZL 


^ "I 

O. 1 


42 


21 


K 
O 




mppo^i ^ 


1 Q 
■ 1 . y 


n 3fi 


U. ZD 


K 



i 


mppo^07 

IN \j V_,< U O U ( 


fi 9 
u. z 


21 


24 


r. 
o 




In \j V_,< U Z Z 


l.O 


-u.uo 




K 
O 


i 


MPP0^zl7 


7 f : ; 


u.ou 


n 97 

U.Zl 


u 




mppo^sa 


9 "1 
Z. 1 




n in 
u. iy 


K 



i 


IN 'aVjUUOU 


o . u 


u.oo 


n k 

U. -LO 


r. 
o 




In ^jv^UD ( 


A & 

'l.O 






K 



i 


MPP0790 


3 A 
o . i 




n 97 

U.Zl 


o 




mppori 3 

IN OVjUOIO 






17 

U. -L I 


("1 


Q 
O 


MPP0&91 

IN vj V_y UOZl 


7 9 
f . z 


22 


9^ 
U.ZO 


r. 
o 


^ 


MPPnSiai 
In UL/Uoyi 


1 "I 


-U.4t ( 




K 



1 

1 


MPP0Q3fi 

in ovjuyou 


1 fi 
±u 


n ni 


1 Q 

u. .Ly 


4 




mppoq73 
in uvjuy / o 


9 
O. Z 


U.UD 




1 


1 

1 


mppi 039 

IN vj\_,' 1 UOZ 


3 "1 
O. 1 






7 j 


2 


Mfipi 1 Q/f 
IN VjV_,< 1 lo4 


o.y 


fl 99 
U. ZZ 




/1 
'1 


i 


MPPI 90Q 

IN Vj V_y IZUi) 


1 r i 


n ni 




1 


Q 
O 


ivpn 91 n 

IN UvlZlU 


v17 
->1 1 


n 91 

-U.Zl 


U. ID 


("1 

y 


Q 
O 


IN V_,< 1 1 U 


3 1 
. 1 


n 9^ 

U. zo 


U. -LO 


12 


^ 


NTH PI 33fi 
IN ^jV_ loou 


19 7 
1Z. ( 


n 1 
-u. ± 


99 
U. ZZ 


Q 
o 


1 

1 


MPPI 33Q 






24 


Q 
O 


Q 
O 


MPPI 3^1 


12 6 


n i 




Q 
O 




MPPI 373 

IN ( O 


7 7 


n on 
u.uu 


17 
U. -L ( 


Q 
O 




IN ( 1 


7 7 


n ^9 


93 
U.ZO 


o 




i\rpn 37^ 

IN OVylO / O 


l.O 


24 


00 
U.UU 


c 
o 




MPPI 37Q 


o. y 


n no 


93 
u.zo 


Q 

o 




wppi ion 

IN LtUIOOU 






1 s 

U. lO 


Q 
o 


Q 
O 


IN vj v_< 1 OOUrt 






09 
u.uz 


Q 
O 


Q 
O 


MPPI 3&1 


u.u 


n 9^ 


1 s 

U. lO 


c 



| 


MPPI 3QQ 

in ovjioyy 




^>u.o 


9fi 
U. ZD 


c 
o 


Q 
O 


MPPI APIA 


o.y 


n A7 


1 Q 

u. .Ly 


Q 

o 




MPPI 41 Q 


1 4 ^ 

1ft. O 


n 1 s 

-U. -LO 


1 Q 

u. -Ly 


Q 
o 




MP PI zl97 


7 Q 

/ .y 


n 17 
U. 1 ( 


n io 
U. 10 


Q 
O 


1 

1 


MPPI 4^3 


7 


u.ou 


93 
U.ZO 


o 




MPPI ZL^I 


O.o 


n 9Q 
u.zy 


U. ID 


A 
1 


1 

1 


MPPI ^AQ 


7 R 


U. -LO 


21 


Q 


^ 


MPP1 c^3 
IN UulODO 


N. 17 

->! i 


u.uo 


n IO 
U. 10 


Q 

y 


Q 
O 


MPPI ^71 


o. .7 


U. -LO 


1 s 
U. lo 


Q 

y 


| 


MP Pi fioo 

IN Uv^lDUU 


7 3 


n ai 


9^ 
U. ZO 


K 



1 

1 


mppi 700 

IN -L i UU 


Q 3 


^>U.O 


13 
U. IO 


12 


^ 


MPP9 < ?nn 

IN ZoUU 


. u 


u.oy 


9^ 
U.ZO 


r. 
o 


1 

1 


MPP939Q 
in vji v_y zozy 


\,17 






q 
o 


Q 
O 


MPP977& 
IN ^jr\_>Z f ( O 


o 
O 


n 9^ 
u.zo 


91 
U.Zl 


1 9 
1Z 


9 
Z 


NPP9S19 

IN vjvZOOZ 


12 


n 9n 
u. zu 




O 




MPP9Sfi c ; 

In LiUZoDO 


^i ^ 




1 
U. ID 


Q 

y 


1 

1 


MPP9Q4^ 


1 




3 
U . ■ J 


y 


Q 
O 


IN UvjjUOI 


v17 

->-L I 




97 
U.Zl 


y 


Q 
O 


IN <aV^OU ( O 


11 


n ni 

U.Ul 




i 


Q 
O 


WPPQI 1 ^ 
IN LtV-. 011l) 




^>u.o 


14 


■[ 


Q 
O 


in Vjv^ozoy 


<k 1.0 




13 
U. IO 


y 


| 


MPP3377 
IN UvjOO / / 


1 "1 


n 9n 
u.zu 


99 
U. ZZ 


1 9 
1Z 


1 

1 


MPP337Q 
in vi v_, oo ( y 


Q 3 

O.O 


n 1 fi 

U. -LU 


24 


12 


^ 


MPP'IW 
In KjK^ooo^i: 




^*u.o 


U. 1 


'i 


Q 
O 


NGC3412 


1.9 


0.42 


0.09 


4 


1 


NGC3585 


3.1 


>0.5 


0.14 


4 


2 


NGC3605 


5.8 


0.22 


0.09 


12 


1 


NGC3607 


3.(5 


>0.5 


0.16 


4 


2 


NGC3608 


10 


0.16 


0.22 


12 


2 


NGC3818 


5.0 


0.39 


0.23 


5 


1 


NGC3941 




>0.5 


0.11 


4 


3 


NGC4036 




>0.5 


0.24 


1 


3 


NGC4073 


7.5 


0.35 




3 


1 



Galaxy 


Age 


[Fe/H] 


[Mg/Fe] 


Source 


Quality 


NGC4105 


>17 


- 


0.28 


9 


3 


NGC4106 


14 


0.04 


0.23 


9 


1 


NGC4239 


5.5 


- 


- 


11 


1 


NGC4251 


1.9 


0.48 


0.09 


4 


1 


NGC4261 


14.4 


0.19 


0.28 


5 


1 


NGC4278 


10.7 


0.14 


0.17 


5 


1 


NGC4339 


7.9 


0.12 


0.18 


7 


1 


NGC4350 


9.3 


0.30 


0.16 


i 


1 


NGC4374 


11.8 


0.12 


0.28 


5 


1 


NGC4382 


1.6 


0.44 


0.08 


4 


1 


NGC4387 


13 


-0.04 


0.17 


12 


1 


NGC4458 


16 


-0.30 


0.23 


7 


1 


NGC4464 


>17 


- 


0.23 


7 


3 


NGC4468 


2.7 


0.08 


0.05 


7 


1 


NGC4472 


8.5 


0.24 


0.25 


12 


1 


NGC4478 


4.1 


0.32 


0.18 


12 


1 


NGC4489 


2.6 


0.24 


0.09 


12 


1 


NGC4551 


5.2 


0.28 


0.17 


7 


1 


NGC4552 


9.6 


0.28 


0.27 


5 


1 


NGC4564 


5.9 


0.44 


0.2 


7 


1 


NGC4649 


11 


0.30 


0.3 


5 


1 


NGC4697 


8.2 


0.08 


0.27 


5 


1 


NGC4754 


- 


>0.5 


0.11 


4 


3 


NGC4762 


- 


>0.5 


0.19 


4 


3 


NGC4807 


5.2 


0.23 


0.2 


10 


1 


NGC4816 


8.3 


0.20 


0.25 


10 


1 


NGC4827 


10 


0.18 


0.24 


10 


1 


NGC4839 


15 


0.07 


0.25 


12 


1 


NGC4840 


6.6 


0.32 


0.23 


10 


1 


NGC4841A 


12 


0.11 


0.19 


10 


1 


NGC4860 


12 


0.24 


0.28 


10 


1 


NGC4865 


- 


>0.5 


0.18 


10 


3 


NGC4869 


15 


0.12 


0.22 


10 


1 


NGC4871 


12 


-0.02 


0.22 


10 


1 


NGC4872 


2.8 


0.36 


0.16 


10 


1 


NGC4874 


13 


0.14 


0.23 


3 


1 


NGC4876 


2.1 


0.24 


0.28 


10 


1 


NGC4883 


11 


0.11 


0.19 


10 


1 


NGC4884 


- 


>0.5 


0.25 


10 


3 


NGC4895 


10 


0.03 


0.23 


10 


1 


NGC4896 


10 


-0.02 


0.18 


10 


1 


NGC4908 


12 


0.05 


0.24 


10 


1 


NGC4923 


8.5 


0.11 


0.22 


10 


1 


NGC4926 


13 


0.08 


0.32 


10 


1 


NGC4931 


2.8 


0.30 


0.14 


10 


1 


NGC4944 


2.9 


0.23 


0.16 


10 


1 


NGC4952 


6.6 


0.21 


0.25 


10 


1 


NGC4957 


1.9 


0.32 


0.19 


10 


1 


NGC5018 


1.5 


0.37 


0.11 


9 


1 


NGC5582 


>17 


- 


0.24 


7 


3 


NGC5638 


7.0 


0.23 


0.24 


5 


1 


NGC5812 


5.0 


0.39 


0.22 


5 


1 


NGC5813 


>17 


- 


0.3 


5 


3 


NGC5831 


2.6 


>0.5 


0.21 


12 


1 


NGC5846 


12 


0.19 


0.26 


5 


1 


NGC5866 


1.8 


0.35 


0.10 


i 


1 


NGC6010 


4.3 


0.39 


- 


i 


1 


NGC6127 


9.3 


0.24 


0.24 


5 


1 


NGC6702 


1.9 


0.48 


0.12 


5 


1 


NGC6703 


4.1 


0.33 


0.19 


5 


1 


NGC6734 


4.5 


0.18 


0.19 


9 


1 


NGC6736 


>17 




0.24 


9 


3 


NGC6776 


3.2 


0.43 




9 


1 


NGC6829 


4.3 


0.39 




9 


1 


NGC6849 


>17 




0.18 


9 


3 



© 0000 RAS, MNRAS 000, 



Galaxy Ages and Metallicities 9 





Age 


[r-e/nj 


[ivig/ rcj 


Source 




NGC6958 


12 


-0.10 


0.2 


9 


i 


NGC7052 


11 


0.22 


0.27 


5 


i 


NGC7264 


4.3 


0.19 


— 


5 


i 


NGC7284 


7.8 


0.20 


0.28 


9 


i 


NGC7332 


4.5 


0.24 


— 


12 


i 


NGC7396 


2.6 


0.39 


— 


12 


i 


NGC7454 


5.2 


-0.09 


0.15 


5 


i 


NGC7562 


11 


-0.06 


0.3 


5 


i 


NGC7619 


9 


0.25 


0.26 


12 


2 


NGC7626 


11.7 


0.19 


0.28 


5 


1 


NGC7703 


2.6 


0.29 


— 


12 


1 


NGC7768 


>17 


-0.03 


- 


3 


3 


NGC7785 


8.3 


0.19 


0.23 


5 


1 


NGC7814 


10 


-0.10 


- 


5 


1 


IC0843 


>17 


— 


0.28 


10 


3 


IC1711 


6.5 


0.06 


- 


10 


1 


IC1963 


_ 


>0.5 


0.11 


8 


3 


IC2006 


4.0 


>0.5 


0.19 


8 


1 


IC3947 


>17 


— 


0.33 


10 


3 


IC4041 


2.3 


0.36 


0.13 


10 


1 


IC4045 


11 


0.07 


0.23 


10 


1 


IC4051 


12 


0.20 


0.29 


10 


1 


IC5011 


11 


0.13 


0.17 


9 


1 


IC5105 


>17 


0.08 


0.21 


9 


3 


IC5250A 


_ 


>0.5 


0.19 


9 


3 


IC5250B 


4.3 


0.33 


0.2 


9 


1 


IC5328 


>17 


0.02 


0.16 


9 


3 


IC5358 


16 


-0.00 


0.25 


9 


1 


IC5364N1 


2.6 


>0.5 


0.16 


9 


2 


IC5364N2 


>17 


- 


0.24 


9 


3 


UGC10043 


7.3 


<-0.23 


— 


9 


2 


UGC11587 


1.9 


>0.5 


— 


9 


2 


ESO4710191 


.3.3 


0.45 


0.24 


9 


1 


E107-G04 


1.8 


>0.5 


0.14 


9 


2 


E138-G29 


9.9 


0.12 


0.22 


9 


1 


E240-G10 


13 


0.06 


0.24 


9 


1 


E274-G06 


12 


0.09 


0.32 


9 


1 


E283-G19 


>17 


_ 


0.38 


9 


3 


E283-G20 


1.9 


0.41 


0.25 


9 


1 


E297-G34 


>17 


— 


0.15 


9 


3 


E358-G25 


_ 


— 


0.00 


8 


3 


E358-G50 


_ 


_ 


0.00 


8 


3 


E358-G59 


- 


- 


0.14 


8 


3 


E358-G06 


— 


— 


0.09 


8 


3 


E359-G02 


_ 


_ 


-0.04 


8 


3 


E400-G30 


_ 


— 


-0.07 


9 


3 


E486-G17 


7.3 


0.03 


- 


9 


1 


E486-G19 


2.0 


0.28 




9 


1 


E486-G29 


>17 






9 


3 


E507-G45 


4.2 


0.45 


0.23 


9 


1 


E507-G46 


>17 




0.22 


9 


3 


E538-G10 


11 


-0.03 


0.22 


9 


1 


E539-G11 


11 


-0.24 


0.28 


9 


1 


E545-G40 


>17 




0.13 


9 


3 



Notes: Sources of age (in Gyrs), metallicity and abundance ratios 
are: Carollo et al. (1993) = 1; Davies et al. (1993) = 2; Fisher 
et al. (1996) = 3; Fisher et al. (1995) = 4; Gonzalez (1993) = 
5; Goudfrooij et al. (1999) = 6; Halliday (1998) = 7; Kuntschner 
(1998) = 8; Longhetti et al. (1998) = 9; Mehlert et al. (1997) 
= 10; Vazdekis &; Arimoto (1999) = 11; mean of several = 12. 
Ages with errors < ±20% and metallicity errors < ±0.1 dex have 
quality index = 1; Errors > ±20% and > ±0.1 dex have index = 
2; Highly uncertain values (not used in analysis) have index = 3. 
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Figure 6. Absorption line model grid showing the catalogue 
galaxies with H/3 and [MgFe] measurements. Symbols are coded 
by Hubble type (cD and cE galaxies are classified as 'other'). 
Solid lines represent constant age (isochrones) and dashed lines 
constant metallicity (isofers). A typical error bar is also shown. 

of the original line index measurements are also given; in 
the case of multiple measurements we have taken the simple 
mean. We also list a quality index. Most galaxies have index 
= 1 indicating that their age and metallicity estimates are 
accurate to < ±20% and < ±0.1 dex respectively. This is 
of course in terms of how their measurement error trans- 
lates onto the model grid, and does not include any error 
associated with a systematic shift of the grid. Index = 2 
galaxies have larger errors. About a quarter of the galaxies 
were found to lie outside of the Worthey & Ottaviani (1997) 
stellar model grid, i.e. usually suggesting ages greater than 
17 Gyrs or metallicities higher than [Fe/H] = 0.5. In these 
cases we give an upper limit. The very high [Fe/H] galaxies 
tend to be the most luminous galaxies, and are also those 
with super-solar [Mg/Fe] abundances. The galaxies indicat- 
ing ages of > 17 Gyrs could be either genuinely old or suffer 
from residual H/3 emission. Thus extreme metal-rich and 
old galaxies should be regarded with caution. They are not 
included in the subsequent plots or analysis. These, along 
with galaxies that don't have [MgFe] line indices available, 
are assigned index = 3. 

5.1 Comparison with other age estimates 

In Table 3, we have listed age estimates for young, or proto- 
ellipticals that we are aware of in the literature. These esti- 
mates come from stellar dynamics, proto-globular clusters, 
extended structures etc. For the three galaxies that also have 
spectral age estimates from this paper, the agreement is very 
good. 

Another set of age estimates for early type galaxies 
comes from Schweizer & Seitzer (1992). In their paper, they 
attempted to quantify the 'morphological disturbance' of 
their sample galaxies, and via a starburst model, estimate 
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Table 3. Other age estimates using different methods to the one 
utilised for this paper. The sources of these ages are 1 = van 
Gorkom et al. (1986); 2 = Brown et al. (2000); 3 = Forbes et al. 
(1998); 4 = Whitmore et al. (1997); 5 = Balcells (1997); 6 = Silva 
& Bothun (1998); 7 = Sansom et al. (1998); 8 = Bergvall et al. 
(1989). 
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Figure 8. Metallicity-age relation for all galaxies. Symbols are 
coded by environment. Galaxies with younger central components 
are more metal-rich. The G symbol in this and subsequent figures 
shows the estimated position of the Milky Way (Renzini 1999). 
The error bars show how typical errors in H/3 and [MgFe] look 
in different parts of the metallicity— age plane. The contours show 
how the correlated errors in age an d [F e/HI affect the positions 
of galaxies in this plot (see section 3.6). The solid line contours 



contain most (99.56%) of the modeled galaxies, whose initial age- 
metallicity distribution is known. The dashed line represents a 
single metallicity ([Fe/H]= 0.21) galaxy population. The dot-dash 
line shows the distribution of a single age (8.5 Gyrs) population. 
The solid line shows the distribution of a population with a linear 
relation between age and [Fe/H], Using a 2d KS test, both the 
constant age and constant metallicity models are found to be 
inconsistent with the data at greater than 99% significance levels. 
The linear relation is found to be acceptable. 



Schweizer & Seitzer ages to be as reliable as the spectral 
ages given here but they do give some indication of whether 
the galaxy is young or old. 
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Figure 7. Comparison between ages derived by Schweizer & 
Seitzer (1992) and by us. The agreement is poor. See text for 
details. 

the time since a merger. Depending on the gas fraction and 
star formation efficiency, they listed six age estimates for 
each galaxy. In Figure Mwe plot their "most representative" 
age against our age estimate. We note that the starburst 
model used by Schweizer & Seitzer (1992) assumed solar 
metallicity. Figure |§] indicates that the young stellar com- 
ponent is usually metal-rich (i.e. [Fe/H] ~ 0.5 using [MgFe] 
as a metallicity indicator) . By assuming solar metallicity we 
would expect the Schweizer & Seitzer ages to be an overes- 
timate. 

Examination of Figure |?] reveals substantial scatter, 
with very little formal correlation. We do not believe the 



6 RESULTS AND DISCUSSION 

Various properties for the galaxies in our catalogue are listed 
in Table 4. This includes the Hubble type from NEDQ. 
Galaxies are placed in one of three environments, either as 
a cluster galaxy if in a known cluster, a group galaxy if in 
the group catalogue of Garcia (1993), or in the field if not 
classified as group or cluster. Galaxy ellipticity comes from 
either Davies et al. (1983) or the RC3. The other proper- 
ties are generally taken from Prugniel & Simien (1996). The 
distance includes Virgocentric and Great Attractor correc- 
tion terms for H = 75 km s _1 Mpc -1 . When a galaxy was 
not listed in Prugniel & Simien, we used Hypercat (Prugniel 
& Golev 1999) and NED. Below we compare the new age, 

* The NASA/IPAC Extragalactic Database (NED) is operated 
by the Jet Propulsion Laboratory, California Institute of Tech- 
nology, under contract with the National Aeronautics and Space 
Administration. 



© 0000 RAS, MNRAS 000, §-0 



Galaxy Ages and Metallicities 11 



Table 4. Galaxy properties. Due to its size, the full table is only available electronically. Morphological type is from the NASA Extra- 
galactic Database. The environment is given either as Field, Group or the name of the cluster. The distance is in Mpc, and assumes H 
= 75. The magnitude, rotation velocity, velocity dispersion, ellipticity and R, (fundamental plane residual) come from Prugniel & Simien 
(1996), Hypercat (Prugniel & Golev 1999) or RC3. Ellipticities for SO galaxies are not listed. 
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metallicity and abundance information from Table 2 with 
other galaxy properties. 



6.1 Galaxy Metallicity — Age Relation 

In Figure ^| we show the metallicity - age relation for the 
galaxies in our catalogue. The figure also shows model re- 
sults showing the distribution of galaxies with given age- 
metallicity distribu tion s, taking into account the correlated 
errors (see section 3.6 and error bars in Figures |§| and |^). 
The contours show a best fit constant age distribution (dot 
dash), a best fit constant [Fe/H] distribution (dash), and a 
best fit linear relation between age and [Fe/H] (solid con- 
tour). This linear relation ([Fe/H] = 0.51 - 0.38i, where the 
age (t) is measured in Gyrs) is shown by the solid line in 
Figure || 

There is a trend for the younger galaxies to have more 
metal-rich stellar populations. This is as would be expected 
if the more recent starbursts are occurring in progressively 
more enriched gas. The shape of the metallicity - age rela- 
tion is similar to that for local stars in the disk of our Galaxy 
(Rana 1991). While there may be some evidence for the field 
galaxies preferentially populating the low age, high metal- 
licity part of the plot, and cluster galaxies tending to be in 
the high age, low metallicity portion, there is no strong dif- 
ference in the relation for galaxies in different environments 
from this plot. 

We have used a KS test, using mode ls which take into 
account the correlated errors (section |3.6| ) to test what sort 
of underlying age-metallicity distribution can best describe 
the observed age-metallicity distribution. All three models 
were optimised to minimise the KS statistic (i.e. maximise 
the fit to the data). The KS test immediately rules out both 
the single mean age, and single mean metallicity models 
to greater than 99%. The linear relation between age and 
metallicity (solid line in Figure ^|) has a probability of being 
inconsistent with the data of only 88%, and thus can not be 
ruled out. We thus conclude that only a galaxy population 
with a relation between age and metallicity is consistent with 
the data. The exact form of the relation though is beyond 
the scope of this work. We note that Trager et al. (2000) also 
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Figure 9. Metallicity — age relation for field ellipticals and For- 
nax cluster ellipticals. As in Figure ^, the error bars show how 
typical errors in H/3 and [MgFe] look in different parts of the 
Metallicity-age plane. Both field and cluster ellipticals appear 
to trace out the same metallicity — age sequence as the general 
catalogue (see Figure ^), i.e. there is not strong support for the 
claims that field ellipticals are an age sequence and cluster ellip- 
ticals form a metallicity sequence. 



favour a linear relation for the subset of galaxies from Gon- 
zalez (1993) and Kuntschner (2000). We comment further 
on this when we discuss variations of age and metallicity 
with environment in section 3.2 



6.2 Age Variations with Environment 

In his thesis, Gonzalez (1993) claimed that field ellipti- 
cals varied greatly in age, at roughly constant metallicity. 
Kuntschner & Davies (1998), on the other hand said that 
the ellipticals in the Fornax cluster were essentially a metal- 
licity sequence at constant age. However, Gonzalez included 
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Figure 10. Distribution of ages for elliptical galaxies in clusters 
(lower panel) and non-cluster (upper panel). The ellipticals in 
non-cluster environments are on average younger by 1.9 Gyrs 
than their cluster counterparts. 



in his sample both SO and non-cluster elliptical galaxies. Us- 
ing only field ellipticals from our catalogue, many of which 
come from Gonzalez (1993), and the Fornax ellipticals from 
Kuntschner & Davies we reexamine these claims in Figure 
This plot shows that both field and cluster ellipticals are 
generally consistent with the overall metallicity - age rela- 
tion (see Figure ^), and that neither are strictly a sequence 
in metallicity or age alone (see also Kuntschner 1998). In 
fact it would seem that the oldest galaxies span a range 
in metallicities, while the younger galaxies all have a high 
metallicity. 

In Figure [l(j we show the distribution of elliptical galax- 
ies as a function of environment. The ellipticals in non- 
cluster environments tend to be slightly younger than their 
cluster counterparts, however this result is only 98.5% sig- 
nificant, and needs to be confirmed with improved data. 

This leads to an interesting interpretation of the appar- 
ent Gonzalez-Kuntschner discrepancy. While the galaxies 
from both studies follow the overall age-metallicity relation 
shown in Figure ||, the Kuntschner ellipticals are on aver- 
age older than the Gonzalez galaxies, so they span a range 
in metallicities, while the younger Gonzalez galaxies lie on 
a portion of Figure ^| where there are only high metallicity 
galaxies. 



6.3 Deviations from the Fundamental Plane 

In an earlier paper (Forbes, Ponman & Brown 1998) we 
showed that a galaxy's position relative to the B band fun- 
damental plane (FP) was largely due to its age. In particular, 
young galaxies had negative residuals and old galaxies pos- 
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Figure 11. Residuals from the B band fundamental plane (FP) 
versus galaxy age. A similar trend to that first reported by Forbes 
et al. (1998) is seen. A fit to the elliptical and SO galaxies is shown 
by a solid line, and is consistent with the location of four ~ 1 Gyr 
old merger remnants. The ellipticals show a tighter relation than 
the SOs. 



itive ones for the FP defined as : 

R(cr , M B , He) = 2log(a a ) +0.286M B + 0.2^ e - 3.101. 
In that paper, most ages came from spectroscopic esti- 
mates but it was also supplemented by other methods (e.g 
Schweizer & Seitzer 1992). In Figure Owe re-plot the FP 
residual diagram using our new galaxy ages (i.e. all spec- 
troscopic). Residuals from the FP come from Prugniel & 
Simien (1996) or calculated from Hypercat (Prugniel & 
Golev 1999). A similar trend, as reported by Forbes et al. 
(1998), is seen. A fit to both the elliptical and SO galaxies 
gives a slope of 0.36 ±0.02 (bootstrap errors on the fit). The 
scatter is considerably reduced if one only considers ellipti- 
cal galaxies. The figure also shows the location of four ~ 1 
Gyr old merger remnants. This relation can be understood 
in terms of a centrally located starburst that fades with time 
(Forbes et al. 1998). 



6.4 Kinematic Trends with Age 

Trager (1997) examined the relationship between galaxy 
(log) age and both isophotal shape and internal kinematics 
for ~40 ellipticals. He found 'L' shaped plots, in the sense 
that galaxies only occupied three quadrants of the possible 
parameter space. Old ellipticals with disky isophotes and/or 
isotropic rotators were absence from the plot. Was this sim- 
ply due to a small sample or is this an important evolution- 
ary clue about elliptical galaxies ? 

Here we focus on kinematic properties rather than 
isophotal shape, as the latter can be strongly influenced by 
orientation effects. However we note that isophotal shape 
(as given by the 4th cosine term) is correlated with the 
anisotropy parameter (Kormendy & Bender 1996), so any 
trends with kinematics can probably be extended to isopho- 
tal shape as well. 

In Figure |l|a we plot V/a versus galaxy age. In gen- 
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Figure 12. Rotation properties (maximum rotation velocity rel- 
ative to velocity dispersion) versus age. Generally only young el- 
lipticals and SOs have high V/cr ratios. 



eral, the plot shows a tendency for old galaxies to be slow 
rotators, while young galaxies can be either slow or rapid ro- 
tators. Furthermore in SO galaxies rotation dominates over 
random motions relative to their elliptical counterparts. Al- 
though the galaxies do not separate neatly into three quad- 
rants, there is still a general tendency for fewer old, rapidly 
rotating galaxies. 

Another important kinematic parameter is the 
anisotropy parameter, usually denoted as (V/cr)* . This is the 
rotation parameter normalised by the value for an isotropic 
oblate spheroid of a given ellipticity (Davies et al. 1983). 
Ellipticals with (V/cr)* < 0.7 are said to be anisotropic and 
those with (V/cr)* > 0.7 isotropic, or rotationally flattened. 

In Figure [L2jb we plot the anisotropy parameter versus 
age for the galaxies classified as elliptical in the RC3. Again 
there is a general tendency for fewer old, isotropic galaxies. 
Thus our larger sample generally supports the initial finding 
of Trager (1997). 

If the absence of old, rapidly rotating/isotropic (and 
hence disky) ellipticals is real, how can this be explained ? 
Selection against such galaxies in our catalogue seems un- 
likely, but can't be ruled out. It is perhaps worthwhile to ex- 
plore possible physical mechanisms to explain this effect. We 



now examine three possibilities. Isotropic ellipticals 

i) did not form in the early Universe. 

ii) have been destroyed. 

in) have been transformed into something else. 

Bender et al. (1992) have suggested that the anisotropy 
parameter indicates the relative importance of cold gas to 
stars in the merger that created the elliptical. Within this 
framework, low luminosity isotropic ellipticals are thought 
to be the result of gaseous mergers. As the early Universe 
is generally more gaseous than today, we would expect the 
galaxies formed at early epochs (which are now old) to be 
isotropic. So within this framework, it seems unlikely that 
isotropic ellipticals did not form in the early Universe. 

For the second option, young isotropic galaxies must be 
preferentially destroyed over similarly aged anisotropic ones 
(e.g via a merger). It is again difficult to imagine a scenario 
in which this is the case. 

Transformation of galaxies can take many forms. 
Changes in the dynamical properties of an isolated undis- 
turbed elliptical occurs on time scales longer than the Hub- 
ble time so kinematic transformation via passive evolution 
is unlikely. 

A potentially important aspect of the kinematic mea- 
sures discussed here is that they are luminosity-weighted 
(as are the age estimates). The presence of young stars in 
a disk may dominate the central spectral indices and hence 
the galaxy age estimate (de Jong & Davies 1997). This same 
disk, with its relatively high V/cr ratio, will also contribute 
to the overall V/cr measurement for the galaxy. As the disk 
starburst fades, its relative contribution drops significantly. 
So as isotropic ellipticals age they may move not only to 
the right in Figure H| but also down as the elliptical/bulge 
makes a larger relative contribution to the measured kine- 
matics. 

Some qualitative support for this idea comes from 
Scorza & Bender (1995). They studied the kinematics of 
9 ellipticals with disks and estimated the (V/cr)* value for 
the 'bulge' of the elliptical after subtracting the disk contri- 
bution. The reduction in the original measured (V/cr)* value 
ranged from to 0.9 in the sense of making galaxies more 
anisotropic. 

It may also be possible for ellipticals to move from 
the lower right of Figure p"2| b to the upper left. If an old 
anisotropic galaxy accretes a small gaseous galaxy, which 
leads to the formation of a gaseous disk and associated star 
formation, then this could have the effect of resetting the 
galaxy age while making it appear isotropic as well. 

Disky, isotropic ellipticals tend also to have high elliptic- 
ities and reveal power-law inner surface brightness profiles 
(e.g. Kormendy & Bender 1996). We examined the distribu- 
tion of ages for galaxies with 'power-law' versus 'core' sur- 
face brightness profiles, and found a weak trend for power- 
law galaxies to be younger on average, with very few old 
power-law ellipticals. This is in the same sense as expected 
from Figure |l^. However there were insufficient numbers of 
galaxies in our sample to produce statistically significant 
results. 
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Figure 13. Luminosity versus age for early type galaxies. There 
is no strong trend for either ellipticals or SO galaxies. The symbols 
used are the same as for Figure H 



6.5 Predictions from Hierarchical Clustering and 
Merging Models 

In a hierarchical Universe galaxies are built up from 
the merging of smaller subunits. Starting from an ex- 
tended Press-Schechter theory, various groups have devel- 
oped semi-analytical models to describe galaxy formation 
via hierarchical clustering and merging (HCM; Kauffmann 
et al. 1993; Cole et al. 1994; Somerville & Primack 1999). 
Although some differences exist between the different formu- 
lations, they have some basic characteristics of galaxy forma- 
tion in common. For example, HCM requires that massive el- 
lipticals are younger than less massive ones. Environment is 
a key property in determining galaxy evolution under HCM. 
Ellipticals in low density environments (i.e. the field) have a 
more complex and extended star formation history making 
them on average younger than their cluster counterparts. 

In the following we compare the results from our cat- 
alogue with the HCM predictions of Kauffmann and co- 
workers (e.g. Kauffmann & Chariot 1998; Thomas & Kauff- 
mann 1999). Although our catalogue of galaxies is in no 
sense statistically complete, it could be considered a random 
sample and therefore fairly representative of nearby galaxies. 
Our ages are measuring the last major episode of star forma- 
tion, which is presumably an indicator of the time since as- 
sembly of the galaxy in a dynamical sense, and not the mean 
age of the stars in a galaxy. We attempt to make quantita- 
tive comparisons where possible, however one should bear 
in mind differences between 'observers' and 'theorists' defi- 
nitions. These are briefly outlined below in the four predic- 
tions: 

i) Large ellipticals are younger than small ellipticals. 
A basic requirement of all HCM models is that more mas- 
sive ellipticals are formed more recently than less massive 
ones and hence should be younger on average. Based on a 
sample of ~40 galaxies, Faber et al. (1995) suggested that 
large ellipticals were older on average than small ellipticals. 



However, in our previous paper (Forbes & Ponman 1999), 
our sample of 88 galaxies did not show a strong luminosity 
- age trend. In Figure ^ we show the distribution of to- 
tal B band luminosity with galaxy age for the elliptical and 
SO galaxies in our catalogue. We find no statistically signifi- 
cant correlation in our sample. This result supports those of 
colour-magnitude studies (e.g Terlevich et. al. 1999), but it 
is also possible that environment effects are obscuring any 
trend; we examine this next. 

ii) Field ellipticals are younger than cluster ellipticals. 
In the models, galaxy 'environment' is defined in terms of the 
circular velocity (Vc) of the dark matter halos, with 'field' 
ellipticals having Vc < 600 km s _1 and 'cluster' galaxies 
halos having Vc ~ 1000 km s _1 (Kauffmann & Chariot 
1998). The V-luminosity weighted age difference between 
these cluster and field ellipticals ranges from about zero for 
small ellipticals to 1 Gyr for the most massive ellipticals. 
HCM has received some support from the work of Bernardi 
et al. (1998) who claim differences in the Mg - a relation for 
cluster and field ellipticals indicating an age difference of 1.2 
± 0.35 Gyrs in the correct sense. In our catalogue, we have 
classified galaxies into known clusters, groups (if in the list 
of Garcia 1993) and field (essentially non-group and non- 
cluster galaxies) . In Figure [l(] we show the age distribution 
for field and group galaxies compared to their cluster coun- 
terparts. We find that the mean age of elliptical galaxies in 
clusters is 9.0 ± 0.7 Gyrs (error on the mean), compared to 
7.1 ± 0.6 for field and group ellipticals. The age difference of 
1.9 Gyrs is similar to that claimed by Bernardi et al. (1998), 
although the small numbers of galaxies means that our re- 
sult is not statistically significant. 

lii) Large bulge-to-disk galaxies are younger than small 
bulge-to-disk galaxies. 

According to HCM, after an elliptical galaxy forms from the 
merger of smaller disk systems, subsequent cooling of the 
gas in the halo may 'accrete' onto the elliptical forming a 
bulge and disk system. Thus HCM predicts that spirals can 
be transformed into ellipticals and back into spirals again. 
Furthermore spirals with large bulge-to-disk ratios (e.g. Sa) 
have had less time to develop a disk, and are hence younger 
than late type spirals (e.g. Sc). Kauffmann (1996) shows 
that for field galaxies, the V band luminosity weighted age 
varies from ~6.5 to 12.5 Gyrs for M(bulge) - M(tot), where 
M(bulge) is the B band bulge magnitude and M(tot) the 
total B band magnitude of the galaxy. Figure |l4| shows the 
galaxy age versus M(bulge) - M(tot) for field galaxies in our 
catalogue. We have translated the galaxy T type (from RC3) 
into M(bulge) - M(tot) based on the study of Simien & de 
Vaucouleurs (1986). We also show the HCM predictions of 
Kauffmann (1986). The limited data for late type galaxies 
(M(bulge) - M(tot) > 0.5) follows a similar overall trend to 
the models, but lie outside the range of ages predicted. 

Most of the spiral galaxies in Figure [m] come from the 
study of Goudfrooij, Gorgas & Jablonka (1999). They were 
careful to reduce the disk light emission as much as possible, 
but if some residual disk light does remain in the slit (placed 
along the minor axis) then this may bias the late type spirals 
to younger ages. They noted that the bulges of spirals have 
similar ages to ellipticals. 

It is worth mentioning an alternative bulge formation 
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Figure 14. Distribution of galaxy age with Hubble type for field 
galaxies. Here Hubble type is represented by the magnitude of the 
bulge component minus the total galaxy magnitude (e.g. ellipti- 
cals are on this scale, Sb spirals are 1.57). There is little or no 
trend in the data. The solid lines region the region occupied by 
the HCM models of Kauffmann (1996) for a V band luminosity 
weighted galaxy age. The data do not follow the HCM trend par- 
ticularly well, and reveal a population of old field ellipticals that 
are not present in the models. 



mechanism based on secular growth from disk material (e.g. 
Pfenniger & Norman 1990). In contrast to the 'bulge first' 
formation of HCM, this scenario has bulges formed after the 
disk, i.e. 'disk first'. So we would expect early type spirals to 
be older than late type spirals. Trager, Dalcanton & Weiner 
(1998) have presented line indices for two early type and two 
late type spirals. They conclude that the bulges of the two 
early type spirals are indeed older than the late type ones. 
Our data suggest the opposite trend; clearly more data are 
needed to resolve this issue. 

iv) Large, field ellipticals have lower [Mg/Fe] ratios than 
small, cluster ellipticals. 

It is now fairly well established that massive ellipticals have 
an enhancement in a elements, e.g. [Mg/Fe] ratios that are 
super-solar by about 0.3 dex. (e.g. Peletier 1989; Worthey, 
Faber & Gonzalez 1992; Davies et al. 1993; Carollo et al 
1993). These ratios probably indicate that massive ellipti- 
cals have short star formation timescales and/or an IMF 
that is skewed towards high mass stars. Such element abun- 
dances provide an important probe of galaxy formation and 
evolution. 

The incorporation of chemical evolution into the HCM 
semi analytical models, and the predictions for [Mg/Fe] ra- 
tios, are described in Thomas & Kauffmann (1999). They 
note that the range of predicted [Mg/Fe] does not yet match 
the observations. So rather than make direct comparisons, 
we will simply explore [Mg/Fe] trends. The first trend we 
compare is that of [Mg/Fe] with luminosity for elliptical 
galaxies. The HCM model predicts a general decrease in 
the average [Mg/Fe] ratio for more luminous ellipticals. As 
noted above, the observational data show a clear trend for 




Figure 15. Abundance versus luminosity. The plot shows that 
larger galaxies tend to be over abundant in Mg relative to Fe, 
with [Mg/Fe] ~ 0.3 for the most massive galaxies. The symbols 
are as for Figure H 
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Figure 16. Distribution of [Mg/Fe] for ellipticals and SO galax- 
ies in different environments. The HCM models show a strong 
preference for cluster galaxies to have lower [Mg/Fe] ratios than 
field galaxies, which is not seen in the data (although clearly the 
data suffer from low number statistics). 



increasing [Mg/Fe] in large ellipticals (see Figure |l5[). This 
disagreement between the theory and observation is noted 
by Thomas & Kauffmann, and they go on to suggest that a 
flatter IMF will help raise the predicted [Mg/Fe] ratios. As 
an aside, the bulges of spirals also reveal a similar [Mg/Fe] 
trend with luminosity (Jablonka et al. 1996). It is difficult to 
explain this trend and understand the a element enhance- 
ment if bulges are being built up slowly (i.e. on timescales 
longer than those associated with SN la explosions). 

A second prediction of the model is that field galaxies 
should exhibit lower [Mg/Fe] ratios on average than their 
cluster counterparts. We do not find this to be the case 
(see Figure |l6|) . Thomas & Kauffmann (1999) do state that 
their models under predict the number of galaxies with high 
[Mg/Fe] compared to observations, however the shape of the 
distributions shown in Figure [l(j do not match the distri- 
butions of [Mg/Fe] for ellipticals and bulges predicted by 
the models, which have a much flatter distribution, skewed 
towards lower values of [Mg/Fe]. The few galaxies in the 
models which do have [Mg/Fe] ratios comparable with ob- 
servations, formed in the first 1-2 Gyrs. 

It is also important to note that massive ellipticals have 
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[Mg/Fe] over abundant at all radii not just at the galaxy 
centre (Davies et al. 1993; Kuntschner 1998). This indicates 
that the exact nature of the star formation occurred over the 
whole galaxy. This combined with the very short star forma- 
tion time scale implied (i.e. less than the SN la time scale 
of ~ 1 Gyr) favours a dissipational collapse and/or gaseous 
mergers at early epochs for these galaxies. Lower luminosity 
ellipticals, with near solar [Mg/Fe], allow for more extended 
star formation, as might be associated with a merger. 



7 CONCLUSIONS AND FUTURE WORK 

Using high quality spectral line index data from the litera- 
ture we have derived ages, metallicities and abundance ratios 
for about 150 galaxies. These, mostly early-type galaxies, 
cover a range of luminosities and environments. We confirm 
previous findings that the scatter in the elliptical galaxy 
fundamental plane depends on the galaxy age. Our data 
support some predictions of hierarchical galaxy formation 
(i.e. that field ellipticals are younger than their cluster coun- 
terparts), but are at odds with others (i.e. massive ellipti- 
cals are not obviously younger than small ellipticals as pre- 
dicted). We also find an interesting absence of old, rapidly 
rotating galaxies in our sample. 

An outstanding issue in contemporary galaxy studies 
concerns the apparent dichotomy in elliptical galaxy prop- 
erties. The dichotomy occurs at about Ms = -20.5 (al- 
though it overlaps in luminosity), with low luminosity el- 
lipticals tending to have disky isophotes, power-law surface 
brightness profiles and be isotropic rotators. As such they 
have much in common with SO galaxies (Kormendy & Ben- 
der 1996). Various aspects of the dichotomy debate are pre- 
sented by van den Bergh (1998). He suggests that low lu- 
minosity ellipticals may represent the product of a dissi- 
pational collapse. High luminosity ellipticals, on the other 
hand, formed less dissipatively from stellar mergers accord- 
ing to Bender, Burstein & Faber (1992). However the super 
solar [Mg/Fe] ratios of such galaxies probably indicates a 
rapid star formation timescale within the merging subunits. 

Our results for trends with galaxy age lend some sup- 
port to this view. The galaxies with 'dissipative features' 
(e.g. high V/cr, high ellipticity, power-law profiles) tend to 
be young. It is likely the young stellar population is associ- 
ated with a stellar disk (as found by de Jong & Davies 1997) 
and a disky E/SO galaxy reveals other the dissipative fea- 
tures. As this disk starburst fades with time, the old stellar 
population contributes more to the line indices (and hence 
the age) but also to the kinematics. 

Although we have assembled a large number of relative 
ages and metallicities for local galaxies, there are some issues 
with this dataset which prevented us from properly testing 
many of the predictions of HCM. The main points which 
need to be addressed in future studies include: 

i) Sparsity of field and group galaxies in the sample. Many 
predictions of HCM compare the properties of field, cluster 
and group galaxies, however the field and group galaxy data 
available to date is of lower quality than the cluster data. 

ii) Nebular emission (see section B.4) could still be affecting 
the ages and metallicities we derive for some of the galaxies 
in our sample. This could be minimised in future studies by 
using higher order Balmer line indices, such as H7 and H<5. 



Hi) The sample definition in this paper has by necessity 
been very simple. We have used all data which satisfied our 
signal-to-noise criterion. Future work should concentrate on 
creating a far more uniformly selected sample, which can be 
regarded as either complete or representative for a particu- 
lar galaxy population. 
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